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INTEGRATED CIRCUIT DEVICE HAVING
CLOCK SIGNAL OUTPUT CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based on Japanese Patent Applications

No. 2004-78247 filed on Mar. 18, 2004, and No. 2004-82580
filed on Mar. 22, 2004, the disclosures of which are incor-

porated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an integrated circuit
device having a clock signal output circuait.

BACKGROUND OF THE INVENTION

Recently, operating clock 1Irequencies have been
increased in integrated circuit devices such as microcoms-
puters. For this reason, the following constitution 1s fre-
quently adopted: a clock multiplication circuit constructed
using a PLL (1.e., Phase Locked Loop) circuit 1s incorporated
in an integrated circuit device; and externally supplied clock
signals are internally multiplied, and supplied to CPU and
the like. Some of such clock multiplication circuits are so
constructed that multiplied clock signals are generated and
outputted by digital PLL (i.e., DPLL) operation using a ring
oscillator.

Ring oscillators are constructed by annularly connecting
a plurality of delay gates (e.g. NOT gates), and generate
high-speed clock signal by digital oscillating operation.
However, 1n the NOT gates and the like, the gate delay time
1s varied according to supply voltage. When the supply
voltage tluctuates, the frequency of multiplied clock signals
outputted from a multiplication circuit also fluctuates. This
1s a jitter eflect.

For this reason, when a multiplication circuit of the
above-mentioned constitution 1s used, the following mea-
sures are taken: an internal power supply generation circuit
constructed of a series regulator and the like 1s incorporated
in an integrated circuit device. Thus, even when supply
voltage externally supplied fluctuates, stable voltage can be
supplied to a clock multiplication circuit, other internal
circuits, and the like.

There are various technologies for stabilizing the oscil-
lating operation of a clock multiplication circuit. For
example, Japanese Unexamined Patent Publication No.
2000-165234 discloses a PLL circuit. This PLL circuit 1s so
constructed that 1t comprises: a first PLL module that uses as
operating power supply internal voltage generated by an
internal power supply generation circuit, and generates
intermediate clock signals based on an externally supplied
reference clock signal; and a second PLL module that uses
external power supply as operating power supply, and gen-
erates internal clock signals based on the above-mentioned
intermediate clock signals.

Japanese Unexamined Patent Publication No. 2002-
111484 discloses another technology. In this technology, a
PLL circuit 1s so constructed that it comprises: a phase
comparator; a first circuit that forms a signal of a level
corresponding to the output signal of the phase comparator;
and a second circuit that generates a clock signal of a
frequency corresponding to the output level of the first
circuit. A low-pass filter 1s placed between the power supply
terminal of the first circuit and the power supply terminal of
the second circuit. Thus, noise produced 1n the second circuit
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2

1s prevented from being transmitted to the first circuit
through a power line, and reduction of jitter eflect 1s
accomplished 1n the PLL circuat.

In the internal circuit of an integrated circuit such as a
digital circuit that operates with supply of a multiplied clock
signal, the following occurs: the consumption current varies
according to the state of operation of a circuit portion that
operates 1 synchronization with clock. Therefore, when
internal power supply stabilized by an internal power supply
generation circuit 1s supplied both to a multiplication circuit
and to the internal circuit, a problem arises. The internal
supply voltage fluctuates depending on the operating state
on the internal circuit side. However, the technologies
according to the prior arts do not give consideration to this
problem at all, and with these technologies, occurrences of
ntter effect due to fluctuation in internal supply voltage
cannot be avoided.

Further, for example, single-chip microcomputers are
mounted with clock signal output circuits for generating and
supplying system clock signals. Some of the clock signal
output circuits are provided with a function of multiplying
the frequency of a clock signal to cope with increase in the
operating clock frequency of microcomputers. When a clock
signal of a constant frequency i1s continuously outputted,
sharp noise peaks are produced in 1ts fundamental frequency
and harmonic content. When CPU or a peripheral circuit
operates 1n synchronization with the clock signal, power
consumption more greatly fluctuates, and the noise level 1s
further raised.

One of technologies for solving the above problem 1s
disclosed 1n Japanese Unexamined Patent Publication No.
2001-148690, which corresponds to U.S. Pat. No. 6,407,
606. As 1llustrated 1n FIG. 16, this technology 1s such that:
a clock forming unit 101 so constructed that 1t comprises a
ring oscillator 1s used to generate clock signals 1n m-phases
whose 1Irequencies are 1dentical and whose phases are
shifted by a certain amount. The clock signals are supplied
to a selection processing unit 102. A dithering control unit
103 supplies the selection processing unit 102 with a control
signal and causes the unit 102 to select one from among
clock signals 1n m-phases 1n sequence. The dithering control
umt 103 causes the selection processing umit 102 to output
it from an output terminal 104. Thus, the phase of the clock
signals 1s caused to disperse the peaks in frequency spectrum
with respect to noise.

However, there 1s a problem in realizing the constitution
disclosed 1n Japanese Unexamined Patent Publication No.
2001-148690. In addition to the clock forming unit 101 that
generates clock signals 1n m phases, the dithering control
umt 103 and the selection processing unit 102 must be
provided. Therefore, an additional circuit area 1s required on
the chip of the microcomputer.

SUMMARY OF THE INVENTION

In view of the above-described problem, 1t 1s an object of
the present mvention to provide an integrated circuit device
having a clock signal output circuit. The device has low
noise without fluctuating a frequency of a clock signal.
Further, the device has simple construction without adding
any extra circuit.

Integrated circuit device includes: a wiring; a clock signal
output circuit including a ring oscillator, wherein the ring
oscillator includes a plurality of delay gates, which 1is
connected each other annularly and generates a clock signal
with a frequency of a reference clock signal, and wherein the
clock signal output circuit generates and outputs a multiplied
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clock signal obtained by multiplying the frequency of the
reference clock signal with a digital phase locked loop
method on the basis of the clock signal; an internal circuit
operated on the basis of the multiplied clock signal; an
internal power supply generation circuit for supplying an 5
clectric power to the clock signal output circuit and to the
internal circuit on the basis of a power supplied from an
external circuit, wherein the electric power 1s stabilized by
reducing a voltage of the power from the external circuit;
and a capacitor connection terminal for connecting an exter- 10
nal noise reduction capacitor to the wiring connecting to the
internal circuit. The wiring connects among the clock signal
output circuit, the internal circuit and the mternal power
supply generation circuit. The internal power supply gen-
eration circuit supplies the electric power to the ring oscil- 15
lator through the wiring connecting between the internal
power supply generation circuit and the capacitor connec-
tion terminal. The internal power supply generation circuit
supplies the electric power to the internal circuit through the
wiring connecting to the capacitor connection terminal. 20

In the above device, even when an internal power supply
in the internal power supply generation circuit fluctuates so
that a noise 1s generated in the wiring of the device 1n a case
where the internal circuit 1s operated, the noise 1s reduced or
removed by a low pass filter provided by a resistance 25
component of the wiring and the external noise reduction
capacitor. Accordingly, the influence of the fluctuation of the
internal power supply 1s prevented from transmitting to the
ring oscillator of the clock signal output circuit. Thus, the
oscillation of the ring oscillator 1s stabilized so that the 30
frequency of the multiplied clock signal becomes stable.
Thus, the device has low noise without fluctuating the
frequency of the clock signal. Further, the device has simple
construction without adding any extra circuit.

Preferably, the device further includes an internal capaci- 35
tor for reducing a noise. The wiring includes a wire lead
frame. The wiring has a wiring impedance. The wire lead
frame has another impedance. The internal capacitor has a
capacitance. The external noise reduction capacitor has
another capacitance. The wiring impedance of the wire, the 40
other impedance of the wire lead frame, the capacitance of
the internal capacitor and the other capacitance of the
external noise reduction capacitor provide a filter for filter-
ing the noise.

Preferably, the internal power supply generation circuit 45
supplies the electric power to all parts composing the clock
signal output circuit through the wiring connecting between
the internal power supply generation circuit and the capaci-
tor connection terminal. In this case, the power supply to be
supplied to the ring oscillator and the other parts is not 50
allected by the wiring impedance of the wiring. Thus, the
operation of the clock signal output circuit 1s much stabi-
lized.

Preferably, the clock signal output circuit further includes
a first power supply terminal and a second power supply 55
terminal. The first power supply terminal 1s capable of
supplying the electric power to the ring oscillator, and the
second power supply terminal 1s capable of supplying the
clectric power to all parts of the clock signal output circuit
except for the ring oscillator. The first and the second power 60
supply terminals are connected directly to the internal power
supply generation circuit. In this case, the ring oscillator and
the other parts i the clock signal output circuit are inde-
pendently operated. Thus, the ring oscillator and the other
parts are not aflected each other. 65

Preferably, the device further includes an external power
supply terminal for connecting to the external circuit. The

4

internal circuit includes a power supply terminal only con-
necting to the external power supply terminal so that the
internal circuit 1s energized through a connection between
the capacitor connection terminal and the external power
supply terminal, the connection being disposed outside of
the device. In this case, the capacitor connection terminal
and the external power supply terminal are connected at the
connection portion outside of the device. The connection

portion 1s provided by a wiring pattern on a circuit board for
mounting the device. A power supply passage for supplying
the electric power to the internal circuit 1s such that the
passage passes from the internal power supply generation
circuit, the capacitor connection terminal, the external wir-
ing pattern, the external power supply terminal to the
internal circuit. Thus, the external noise reduction capacitor
1s connected to the external wiring pattern, in which the
power supply current tlows. Accordingly, the external noise
reduction capacitor can remove the noise eflectively, com-
pared with a device having the connection portion connect-
ing to the capacitor connection terminal.

Preferably, the internal power supply generation circuit
includes an output terminal for supplying the electric power,
and the output terminal of the internal power supply gen-
eration circuit 1s disposed near a power supply terminal of
the clock signal output circuit. More preferably, the output
terminal of the internal power supply generation circuit and
the power supply terminal of the clock signal output circuit
are connected at a connection portion, and the wiring
connecting between the capacitor connection terminal and
the connection portion has a large wiring impedance. In this
case, the wiring connecting between the power supply
terminal and the capacitor connection terminal becomes
longer. Accordingly, the noise to be transmitted from the
internal circuit side 1s much reduced, since the resistance
component of the wiring becomes larger.

Further, integrated circuit device includes: a clock signal
output circuit including a ring oscillator, wherein the ring
oscillator includes a plurality of delay gates, which 1s
connected each other annularly and generates a clock signal
with a frequency of a reference clock signal, and wherein the
clock signal output circuit generates and outputs a multiplied
clock signal obtained by multiplying the frequency of the
reference clock signal with a digital phase locked loop
method on the basis of the clock signal; an internal circuit
operated on the basis of the multiplied clock signal; and a
ground. The clock signal output circuit and the internal
circuit are commonly energized from a power supply. The
clock signal output circuit and the iternal circuit are com-
monly grounded to the ground. The power supply supplies
an electric power to the internal circuit firstly. The power
supply supplies the electric power to the clock signal output
circuit secondary.

In this case, the fluctuation 1n supply voltage caused by
the internal circuit propagates to the clock signal output
circuit side. As a result, the supply voltage of the clock
signal output circuit 1s varied as well. Consequently, the
delay times of delay gates constituting the ring oscillator
vary according to supply voltage fluctuation. Therefore, the
frequency of the oscillating operation 1n the ring oscillator
varies. As a result, the frequency of the multiplied clock
signal outputted from the clock signal output circuit varies
as well. Therefore, the energy of unwanted radiated noise
produced based on the multiplied clock signal 1s dispersed
over wide frequency bands, and the peaks 1n noise level can
be lowered. Therefore, a special circuit need not be con-
structed for varying the clock signal frequency. Thus, the
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integrated circuit device can be constructed in small size.
Thus, the device has low noise without adding any extra
circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present mvention will become more apparent from the
following detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a schematic circuit diagram showing a one-chip
microcomputer according to a first embodiment of the
present mvention;

FIG. 2 1s a block diagram showing a clock signal output
circuit 1n the microcomputer according to the first embodi-
ment;

FIG. 3 1s a schematic circuit diagram showing a ring
oscillator in the microcomputer according to the first
embodiment;

FIG. 4 1s an 1deal block diagram explaining a power
supply path of the clock signal output circuit in the micro-
computer according to the first embodiment;

FIG. 5 1s a graph showing a relationship between 1ire-
quency and a voltage fluctuation i1n the microcomputer
shown 1n FIG. 1;

FIG. 6 1s a schematic circuit diagram showing a one-chip
microcomputer according to a comparison of the first
embodiment;

FI1G. 7 1s a schematic circuit diagram showing a one-chip
microcomputer according to another comparison of the first
embodiment;

FIG. 8 1s a schematic circuit diagram showing a one-chip
microcomputer according to further another comparison of
the first embodiment;

FIG. 9 1s a schematic circuit diagram showing a one-chip
microcomputer according to a second embodiment of the
present mvention;

FIG. 10 1s a block diagram showing a one-chip micro-
computer according to a third embodiment of the present
invention;

FIG. 11A 1s a graph showing a power supply voltage
fluctuation, and FIGS. 11B and 11C are graphs showing a
relationship between frequency and noise intensity of the
power supply voltage fluctuation shown in FIG. 11A,
according to the third embodiment;

FIG. 12 1s an 1deal block diagram explaining a compari-
son one-chip microcomputer, according to the first embodi-
ment;

FIG. 13 1s a block diagram showing a one-chip micro-
computer according to a modification of the third embodi-
ment,

FIG. 14 1s a graph showing a relationship between time
and frequency of a current 1n the microcomputer shown 1n
FIG. 13;

FIG. 15 1s a graph showing a relationship between 1ire-
quency and noise mntensity in the microcomputer shown 1n
FI1G. 13; and

FIG. 16 1s a block diagram showing a one-chip micro-
computer according to a prior art.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

(First Embodiment)

Hereatter, description will be given to a first embodiment
of the present invention with reference to FIG. 1 to FIG. 8.
FIG. 2 1s a functional block diagram showing the general
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6

constitution of a clock signal output circuit 1 constructed of
DPLL. (For detailed description of the constitution, refer to
Japanese Unexamined Patent Publication No. H8-265111
(which corresponds to U.S. Pat. No. 5,789,985) or Japanese
Unexamined Patent Publication No. 2000-357947.) A con-
trol circuit 2 1s supplied with a reference clock signal PREF
outputted from an oscillation circuit 3. The control circuit 2
has a state machine incorporated therein. The control circuit
2 15 so designed as to output various control timing signals
to DCO (1.e., Dagital Controlled Oscillator) 4 and a counter-
data latch circuit 5 based on a state counter outputted form
the state machine.

The DCO 4 provides a ring oscillator 6 therein. As
illustrated in FIG. 3 as an example, the ring oscillator 6 1s so
constructed that 1t comprises two two-mnput NAND gates 7
and 8 as delay gates and 30 INV (1.e., inverter) gates 9 to 38.
The output terminal of each of these logical inverting
circuits 1s connected to the mput terminal 1n the next stage,
and thus they are annularly connected. One mput terminal of
the NAND gate 7 1s connected to the output terminal of the
NAND gate 8, and the other mput terminal 1s externally
supplied with a mode control signal PA.

One input terminal of the NAND gate 8 1s connected to
the output terminal of the INV gate 38, and the other input
terminal 1s connected to the output terminal of the INV gate
25. multiple-phase clock signals R1 to R16 are respectively
outputted from the output terminals of the logical imnverting
circuits connected in even-numbered stages, counted from
the NAND gate 7.

As shown 1n FIG. 2, the counter-data latch circuit 5 1s
supplied with control timing signals UCE and ULR output-
ted from the control circuit 2. These control timing signals
UCE and CLR have a pulse width equivalent to one period
of the reference clock signal PREF. The control timing
signals UCE and CLR are respectively outputted 1n the third
and seventh periods of the sequence control period of the
control circuit 2.

The counter-data latch circuit 5 1s supplied with a clock
signal R13 defined as RCK outputted from the ring oscillator
6. An internal up counter (for example, 16 bits) 1s caused to
perform counting operation by this clock signal RCK. The
counter-data latch circuit 5 causes the counter to perform up
counting operation while the control timing signal UCE 1s
being outputted. Thus, the counter-data latch circuit 5 counts
the time equivalent to one period of the reference clock
signal PREF by the clock signal RCK.

The counter data 1s processed as follow: a control timing
signal DLS 1s outputted from the control circuit 2 1n the fifth
period of the sequence control period. This control timing
signal 1s supplied as a latch signal DLC through the DCO 4.
The above counter data 1s latched with the timing of this
latch signal DLC. When the control timing signal CLR 1s
outputted in the seventh period, the latched data 1s cleared.

The counter-data latch circuit S shifts the counted 16-bit
data DT16-DT1 to the right side by, for example, six bits 1n
accordance with the value “six” of multiplication factor
setting data DV supplied from an external CPU (not show).
Then the counter-data latch circuit 5 latches twelve bits of
the shifted data. The latched 12-bit data i1s outputted as data
CD12 to CD1 to the DCO 4. A multiplied clock signal
POUT' outputted by the DCO 4 1s divided into two parts
through a frequency dividing circuit 39 for adjusting duty
ratio, and outputted as a multiplied clock signal POUT.

FIG. 1 schematically illustrates the constitution of a
one-chip microcomputer (integrated circuit device; hereat-
ter, referred to as “micro”) 41 mounted with the clock signal
output circuit 1. The micro 41 1s formed by mounting the




us 7,221,206 B2

7

clock signal output circuit 1, an internal circuit 42, and an
internal power supply generation circuit 43 over a semicon-
ductor substrate. The internal power supply generation cir-
cuit 43 comprises, for example, a series regulator and the
like. Receiving power of 5V supplied from a source external
to the micro 41, the internal power supply generation circuit
43 generates internal power of, for example, 3.3V, and
supplies 1t to the clock signal output circuit 1 and the internal
circuit 42.

The multiplied clock signal outputted by the clock signal
output circuit 1 1s supplied to the internal circuit 42. Though
concrete graphic representation 1s omitted, the internal cir-
cuit 42 1s, for example, CPU and 1ts peripheral circuits (e.g.
memory and gate array). The internal circuit 42 1s con-
structed mainly of a logic circuit and the like that operate 1n
synchronization with the above clock signal.

A power wiring 44 1s connected to the power output
terminal of the internal power supply generation circuit 43.
A power wiring 45 1s connected to the power supply terminal
of the clock signal output circuit 1. The power wiring 44 and
the power wiring 45 are connected 1n common to a capacitor
connection terminal 46 that 1s an external terminal of the
micro 41. The capacitor connection terminal 46 1s connected
to ground through a capacitor for noise removal 47. The
capacitor for noise removal 47 removes the noise.

The capacitor for noise removal 47 1s represented as one
clement in the figure; in fact, however, two capacitors
respectively having a capacitance of 0.1 uF or so and a
capacitance of 10 uF or so are connected 1n parallel. The
former 1s provided mainly for removing high-frequency
noise. The latter 1s provided mainly for the prevention of
oscillation of the mternal power supply generation circuit 43
(for supplying electric charges). This constitution 1s not
specific to the embodiment but 1s common.

A power wiring 48 connected to the power supply termi-
nal of the internal circuit 42 i1s connected to an external
power supply terminal 49 that 1s an external terminal of the
micro 41. The power wirings 44, 45, and 48 include bonding,
wires and lead frames. The power wiring 48 1s connected
with a capacitor for noise removal 50 lower 1n capacitance
than the capacitor 47. The capacitance of the capacitor 50 1s
lower than that of the capacitor 47.

The capacitor for noise removal 50 1s provided for remov-
ing noise 1n the internal circuit 42, and its capacitance 1s, for
example, several nF. The external power supply terminal 49
1s used 1n the following case: for example, when the micro
41 1s subjected to burn-in testing before mounting, a supply
voltage (e.g. 5V) higher than usual 1s externally supplied
direct to the internal circuit 42.

Therefore, 1n the normal operation of the micro 41, the
tollowing procedure 1s taken: the capacitor connection ter-
minal 46 and the external power supply terminal 49 are
short-circuited to each other beforehand by a wiring pattern
51 or the like formed over a circuit board mounted with the
micro 41. Internal power generated by the internal power
supply generation circuit 43 1s supplied to the imternal circuit
42.

FIG. 4 schematically illustrates the state of power supply
in the clock signal output circuit 1. The terminal of the clock
signal output circuit 1 1s divided 1nto a terminal VDD1 (first
power supply terminal) for supplying power to the ring
oscillator 6, and a terminal VDD2 (second power supply
terminal ) for supplying power to the other circuit portion 1a.
The power supply terminals VDD1 and VDD2 are con-
nected directly to the power wiring 435, and power supply to
the ring oscillator 6 and that to the other circuit portion 1a
are separated from each other. In this case, it 1s preferable
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that the wirings should be 1nstalled so that the formation of
common 1mpedance 1s prevented as much as possible. The
other circuit portion 1a includes a pulse selector and a down
counter that constitute the DCO 4 together with the ring
oscillator 6, a timing control portion, and the like. (None of
these elements 1s shown 1n the drawing.)

Next, description will be given to the action of this
embodiment with reference to FIG. 5 to FIG. 8. It will be
assumed that the power supply system for the micro 41 1s
laid out as 1llustrated 1n FIG. 1. When the internal circuit 42
operates 1n synchronization with the multiplied clock signal
and thus such noise as to cause the iternal supply voltage
to fluctuate 1s superposed on the power wiring 48, the noise
propagates as follows: the noise goes to the power supply
terminal of the clock signal output circuit 1 by way of the
external power supply terminal 49, the wiring pattern 51, the
capacitor connection terminal 46, and the power wiring 45.

At this time, the low-frequency component of power
supply noise 1s removed through a low-pass filter formed of
the resistive component of the wiring in the above-men-
tioned propagation path and the capacitor 47. The high-
frequency component ol power supply noise 1s removed by
the capacitor 50 and the inductance component of the wiring
in the above-mentioned propagation path. Therefore, the
influence of fluctuation in internal supply voltage 1s pre-
vented from reaching the clock signal output circuit 1 side.

To suppress fluctuation in internal supply voltage, the
following constitution can be adopted: for example, FIG. 6
illustrates a case where the power supply terminal (power
wiring 45) of the clock signal output circuit 1 1s connected
to the power wiring 48. More specific description will be
grven. When the clock signal output circuit 1 1tself operates,
that may cause the mternal supply voltage to fluctuate. The
constitution illustrated 1n FIG. 6 1s intended to prevent the
influence of that from reaching the internal power supply
generation circuit 43. However, 1t was revealed that the
constitution 1 FIG. 6 posed a problem. As described later,
the mfluence directly made on the clock signal output circuit
1 by the internal circuit 42 being operated was greater.

FIG. 7 1llustrates a constitution 1n which another internal
power supply generation circuit 43 1s provided as a power
supply dedicated to the clock signal output circuit 1. In this
case, the influence of fluctuation in internal power supply
due to the internal circuit 42 being operated does not reach
the clock signal output circuit 1. However, since an addi-
tional chip area 1s required, this constitution 1s unfavorable.
The illustration 1n FIG. 8 represents a constitution in which
an external power supply terminal dedicated to the clock
signal output circuit 1 1s provided. Provision of an additional
external terminal similarly leads to increase in chip size.

FIG. 5 1llustrates an example of the result of a simulation.
In this simulation, the constitution of this embodiment in
FIG. 1 and the constitution in FIG. 6 are compared with each
other with respect to the following: the frequency compo-
nent propagating to the clock signal output circuit 1 side
when the internal circuit 42 operates. The horizontal axis
represents frequency expressed on the LOG scale, and the
vertical axis represents standardized wvoltage fluctuation
level.

In the constitution 1llustrated 1n FIG. 6 (broken line), the
voltage tluctuation component in the band of up to 10 MHz
or so propagates to the clock signal output circuit 1 side. The
fluctuation component exceeding 10 MHz 1s probably
removed by the noise removing action of the internal
capacitor 30. More specific description will be given. The
capacitance of a capacitor usually formed 1 a chip 1is
between several nF or so and several tens of nF or so at the
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maximum, as mentioned above. In the constitution 1llus-
trated 1n FIG. 6, the fluctuation component of 10 MHz or
below 1s very difficult to remove.

In the constitution of this embodiment (solid line), in
addition to the capacitor 50 internal to the chip, the power
wiring 48, the wiring pattern 51, the capacitor 47, and the
power wiring 45 exist between the imnternal circuit 42 and the
clock signal output circuit 1. As a result, the capacitance of
the capacitor 47 and the resistive component of each wiring,
are added, and thus the time constant 1s increased. Conse-
quently, the fluctuation component of 1 kHz or above 1is
probably removed. The eflect of the low-pass filter with a
cutoil frequency of 1 kHz probably arises mainly from the
resistive component of the power wiring 48 and the time
constant of the capacitor 47. Attenuation in proximity to 10
MHz probably arises mainly from the inductance compo-
nents of the capacitor 50, external wiring pattern 51, and the
like

The internal power supply generation circuit 43 exists on
the clock signal output circuit 1 side. The response 1ire-
quency arising from a circuit constant constituting the
internal power supply generation circuit 43 1s generally
several hundreds of kHz to several MHz or so. Therefore,
the band of 1 kHz or below 1s probably covered by the
internal power supply generation circuit 43.

From the viewpoint of the internal power supply genera-
tion circuit 43, the clock signal output circuit 1 itself 1s also
one ol factors that cause power supply fluctuation. To
ultimately stabilize the oscillating operation 1n the clock
signal output circuit 1, the following can be provided: the
constitution i1llustrated in FIG. 1 1s superior to that i1llustrated
in FIG. 6 1n total balance.

As mentioned above, this embodiment i1s so constructed
that the following 1s performed: internal power generated by
the mternal power supply generation circuit 43 1s supplied to
the iternal circuit 42 by way of the power wiring 44, the
capacitor connection terminal 46, the external wiring pattern
51, the external power supply terminal 49, and the power
wiring 48. The clock signal output circuit 1 1s supplied with
the internal power by connecting the power wiring 45 to the
capacitor connection terminal 46.

Therelore, the following can be achieved without increas-
ing the chip size or adding an external component: when
internal power fluctuates due to the internal circuit 42 being
operated and noise 1s superposed on the power wiring 48, the
noise can be removed by the time constant supplied by the
above-mentioned supply path and the capacitors 47 and 50
connected to the path. Thus, 1ts influence can be suppressed
from reaching the clock signal output circuit 1 as much as
possible. In addition, the oscillating operation of the ring
oscillator 6 can be stabilized to further stabilize the fre-
quency of the multiplied clock signal.

Internal power 1s supplied to all the circuits constituting,
the clock signal output circuit 1 in a lump. Therefore, the
supply voltage supplied to the ring oscillator 6 and that
supplied to the other circuits are brought to the same level.
Thus, the operation of the clock signal output circuit 1 can
be further stabilized. The external power supply terminal 49
1s provided, and it and the capacitor connection terminal 46
are connected with each other through the external wiring
pattern 51. Therefore, when the micro 41 i1s subjected to
burn-in testing, over-voltage can be externally and directly
applied.

The first and second power supply terminals VDD1 and
VDD2 are connected directly to the power wiring 45. Thus,
the ring oscillator 6 and the other circuit portion la are
respectively supplied with internal power. Therefore, even in
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the clock signal output circuit 1, the ring oscillator 6 and the
other circuit portion 1la are individually operated, and they
can be avoided from influencing each other through the
power wiring.

The capacitor 47 1s connected to the wiring pattern 51 that
connects the capacitor connection terminal 46 and the exter-
nal power supply terminal 49 outside the micro 41. There-
fore, the functions of the capacitor for noise removal can be
more eflectively exercised than 1n cases where the capacitor
4’7 1s connected to the power wiring internal to the micro 41
at one point, or the capacitor connection terminal 46.

More specific description will be given. 11 can be con-
sidered that the power wiring 48 for the internal circuit 42
1s connected directly to the capacitor connection terminal
46. In this case, the capacitor 47 1s not connected as a point
to the paths of the power wirings 48 and 45 1n the chip of the
micro 41. In reality, the capacitor 47 1s connected to the
paths through wiring such as a lead frame in the chip.

In this case, it cannot be said that the capacitor 47 1s
connected to a path through which a power current is
directly passed; therefore, the action of the capacitor for
noise removal 1s slightly weakened. However, when the
external power supply terminal 49 i1s provided and the
external wiring pattern 31 1s connected between 1t and the
capacitor connection terminal 46, the following advantage 1s
brought: an internal power current 1s passed through the
wiring pattern 51, and thus the functions of the capacitor for
noise removal are more eflectively carried out.

(Second Embodiment)

FIG. 9 illustrates a second embodiment of the present
invention. In FIG. 9, the same members as 1n the first
embodiment will be marked with the same reference numer-
als, and the description of such members will be omitted.
Herealfter, description will be given only to differences
between them. In a one-chip microcomputer (integrated
circuit device) 52 according to the second embodiment, the
power wiring 45 of the clock signal output circuit 1 1s
connected to the vicinity of the power output terminal of the
internal power supply generation circuit 43. The other
aspects of the constitution are the same as those of the first
embodiment.

In the second embodiment constructed as mentioned
above, the impedance of wiring between the capacitor
connection terminal 46 and the junction point between the
power wirings 44 and 45 1s increased from the viewpoint of
the clock signal output circuit 1. Therefore, the effect of the
low-pass filter 1s further enhanced, and fluctuation 1 supply
voltage due to the operation of the mnternal circuit 42 can be
further suppressed.

The present invention 1s not limited to the embodiments
mentioned above and 1llustrated 1n the drawings, and the
following modifications or expansions can be carried out:

The power supply terminals of the clock signal output
circuit 1 may be integrated, and all the elements in the
internal circuit can be supplied with power 1n a lump. At
least the ring oscillator 6 can be so constructed that internal
power 1s supplied before passage through the capacitor
connection terminal 48. Thus, the influence of fluctuation 1n
internal supply voltage can be prevented from reaching the
ring oscillator 6.

Power supply to the clock signal output circuit 1 can be
carried out anywhere between the power output terminal of
the internal power supply generation circuit 43 and the
capacitor connection terminal 48.

When a damping resistance 1s placed 1n the power wiring,
44 1n the second embodiment, the eflect of the low-pass filter
can be further enhanced.
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When the capacitor for noise removal 1s also connected to
the power wiring 44, the following eflect 1s brought about:
the influence of the clock signal output circuit 1 being
operated 1s prevented from reaching the internal power
supply generation circuit 43 side.

The external power supply terminal 49 can be provided as
required.

Also, the capacitor 50 can be disposed as required.

The present mvention 1s applicable not only to micro-
computers but also to integrated circuit devices provided
with mternal circuits such as DSP and DMA controller that

operate m-synchronization with clock.
(Third Embodiment)

FIG. 10 schematically illustrates the constitution of a
one-chip microcomputer 241 according to a third embodi-
ment of the present invention mounted with the clock signal
output circuit 1. The micro 241 1s constructed by mounting
the clock signal output circuit 1 and an internal circuit 242
over a semiconductor substrate. The internal circuit 242 1s
supplied with a multiplied clock signal outputted by the
clock signal output circuit 1 and 1s thereby operated. The
internal circuit 242 includes, for example, a CPU 243, a
ROM 244, a RAM 245, a timer 246, an /O logic portion 47,

and the like. (These elements are strictly for example
pUrposes. )

The micro 241 1s externally supplied with 5V power
VDD. A power wiring 248 1s routed in the micro 241 so that
this power 1s supplied to the internal circuit 242 first and

then to the clock signal output circuit 1. A ground-side
wiring 249 1s routed similarly with the power wiring 248.

Next, description will be given to the action of this
embodiment with reference to FIGS. 11A to 11C as well.
The mternal circuit 242 operates in synchronization with the

multiplied clock signal outputted by the clock signal output
circuit 1. However, the CPU 243, the ROM 244, the RAM

245, the timer 246, the 1I/O logic portion 247, and the like do
not always simultaneously operate. That 1s, some may
operate and others may not depend on the state of processing
from time to time. The consumption current of the internal
circuit 242 differs depending on their ratio, and thus the
voltage of power supply VDD fluctuates according to varia-
tion 1n consumption current.

Since the power wiring 248 and the ground wiring 249 are
routed 1n the micro 241 as mentioned above, fluctuation in
the supply voltage generated by the internal circuit 242
propagates to the clock signal output circuit 1 side through
the power wiring 248. Thus, 1n the clock signal output circuit
1, the NAND gates 7 and 8 and delay gates as INV gates 9
to 38 constituting the ring oscillator 6 are intluenced by this
supply voltage fluctuation. As a result, their respective gate
delay times vary, and the frequencies of a clock signal RCK
and the like oscillated and outputted by the ring oscillator 6
fluctuate. This results in fluctuation 1n the frequency of the
multiplied clock signal outputted by the clock signal output
circuit 1.

FIGS. 11 A to 11C conceptually 1llustrate examples (FIGS.
11B and 11C) of the frequency spectrum of noise produced
in the micro 241 when such supply voltage fluctuation A and
B as illustrated in FIG. 11A occurs. More specific descrip-
tion will be given. With respect to the an impulse-like noise
A, which 1s smaller 1n maximum amplitude, and another
impulse-like noise B, which is larger in maximum ampli-
tude, the following can be observed: the frequency spectrum
whose peak 1s located at fundamental frequency 1, harmonic
contents three times, five times, and seven times as large as
the fundamental frequency ranges over wider bands 1n the
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noise B than 1n the noise A. The peak in the noise intensity
1s lower 1n the noise B than 1n the noise A.

This anises from the following fact: as illustrated 1n FIG.
11A, the supply voltage fluctuates, and thus the frequency of
the multiplied clock signal outputted from the clock signal
output circuit 1 fluctuates. That 1s, the width of fluctuation
in the frequency of the multiplied clock signal outputted by
the clock signal output circuit 1 1s increased with increase in
fluctuation 1n supply voltage. Therefore, the bands of the
frequency spectrum of noise tend to further expand.

With the constitution of this embodiment, as mentioned
above, the peaks 1n noise intensity are lowered by taking the
following procedure: the supply voltage on the clock signal
output circuit 1 side 1s daringly caused to fluctuate according
to vanation in the consumption current of the internal circuit
242. Thus, the frequency of the multiplied clock signal
outputted by the clock signal output circuit 1 1s varied, and
the distribution of the frequency spectrum of noise 1s thereby
expanded.

As mentioned above, this embodiment 1s constructed as
follows: 1n the micro 241, power supply and ground are
shared between the clock signal output circuit 1 and the
internal circuit 242. The clock signal output circuit 1 1s
provided with the ring oscillator 6 and generates and outputs
the multiplied clock signal by digital PLL operation. The
internal circuit 242 1s supplied with the clock signal and 1s
thereby operated. The power wiring 248 and the ground
wiring 249 are so installed that power supply 1s directed to
the internal circuit 242 first and then to the clock signal
output circuit 1 through the wirings 248 and 249.

Thus, the frequency of the multiplied clock signal 1s
varied according to fluctuation in supply voltage. Conse-
quently, the energy of unwanted radiated noise produced
based on the multiplied clock signal can be dispersed over
wide frequency bands, and the peaks 1n noise level can be
lowered. Theretfore, unlike the technology disclosed 1n Japa-
nese Unexamined Patent Publication No. 2001-148690, a
special circuit need not be constructed for varying the clock
signal frequency. Thus, the micro 241 including the clock
signal output circuit 1 can be constructed 1n small size.

Accordingly, in the integrated circuit device according to
the third embodiment of the present invention, power supply
and ground are shared between the clock signal output
circuit 1 and the internal circuit 242. The clock signal output
circuit 1 1s provided with the ring oscillator 6 and generates
and outputs a multiplied clock signal by digital PLL (Digital
Phase Locked Loop, DPLL) operation. The internal circuit
242 15 supplied with the clock signal and 1s thereby operated.
Power wiring and ground wiring are so installed that the
shared power supply 1s directed to the internal circuit 242
first, and then to the clock signal output circuit 1.

More specific description will be given. In the clock
signal output circuit 1 constructed as mentioned above, the
ring oscillator 6 oscillates clock signals at as high speed as
the order of several hundreds of MHz. Therefore, noise 1s
prone to be superposed on power supply. Therefore, con-
ventional integrated circuit devices provided with a clock
signal output circuit are generally constructed as illustrated
in FIG. 12. That 1s, power supply and ground are separated
between a clock signal output circuit 105 and another
internal circuit 106 (VDD3, VDD4/GND1, GND2). By
adopting such a constitution, the individual circuits are
prevented from influencing each other when they individu-
ally operate.

In the present embodiment, they are daringly connected 1n
common. More specific description will be given. The
internal circuit 242 operates 1n synchronization with a clock




us 7,221,206 B2

13

signal. The consumption current varies according to the
number of circuit portions that operate in synchronization
with clock depending on the state of occasion-by-occasion
processing. For this reason, supply voltage 1s varied. There-
fore, when power supply and ground are connected 1n
common, fluctuation in supply voltage caused by the inter-
nal circuit 242 propagates to the clock signal output circuit
1 side. As a result, the supply voltage of the clock signal
output circuit 1 fluctuates as well.

Consequently, on the clock signal output circuit 1 side, the
delay times of delay gates constituting the ring oscillator 6
vary according to supply voltage fluctuation. Therefore, the
frequency of the oscillating operation 1n the ring oscillator 6
varies. As a result, the frequency of the multiplied clock
signal outputted from the clock signal output circuit 1 varies
as well. Therefore, the energy of unwanted radiated noise
produced based on the multiplied clock signal 1s dispersed
over wide frequency bands, and the peaks 1n noise level can
be lowered. Therefore, unlike the technology disclosed in
Japanese Unexamined Patent Publication No. 2001-148690,
a special circuit need not be constructed for varying the
clock signal frequency. Thus, the integrated circuit device
241 can be constructed in small size.

The micro 241 can further include a current control circuit
255, as shown 1n FIG. 13. The micro 241 has the first to
tourth impedances 2351-254. In this case, the current control
circuit 255 controls a current tflowing through the micro 241.
The current control circuit 255 1s connected 1n parallel with
the clock signal output circuit 1 so that a current flowing
through the clock signal output circuit 1 can be varied. By
controlling the current flowing through the clock signal
output circuit 1, the voltage of the clock signal output circuit
1 can be varied. Thus, 1n a predetermined control time, the
frequency can be varied around the center frequency, as
shown 1 FIG. 14. Accordingly, the intensity of the noise at
the center frequency 1s reduced from an 1nitial mntensity I, to
a reduced intensity I,, as shown i FIG. 15.

The present invention 1s not limited to the embodiment
mentioned above and 1llustrated 1n the drawings, and the
following modifications or expansions can be carried out:

The present invention 1s applicable not only to micro-
computers but also any integrated circuit as long as the
integrated circuit 1s so constructed that 1t comprises: a clock
signal output circuit that multiplies clock frequency by
digital PLL operation based on a clock signal generated by
a ring oscillator; a logic circuit that i1s supplied with the
multiplied clock signal and 1s thereby operated; and the like.

Such changes and modifications are to be understood as
being within the scope of the present invention as defined by
the appended claims.

What 1s claimed 1s:

1. Integrated circuit device comprising:

a wiring;

a clock signal output circuit including a ring oscillator,
wherein the ring oscillator includes a plurality of delay
gates, which 1s connected each other annularly and
generates a clock signal with a frequency of a reference
clock signal, and wherein the clock signal output circuit
generates and outputs a multiplied clock signal
obtained by multiplying the frequency of the reference
clock signal with a digital phase locked 100p method on
the basis of the clock signal;

an mternal circuit operated on the basis of the multiplied
clock signal;

an internal power supply generation circuit for supplying
an electric power to the clock signal output circuit and
to the 1nternal circuit on the basis of a power supplied
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from an external circuit, wherein the electric power 1s
stabilized by reducing a voltage of the power from the
external circuit; and

a capacitor connection terminal for connecting an external
noise reduction capacitor to the wiring connecting to
the internal circuit, wherein

the wiring connects among the clock signal output circuat,
the internal circuit and the iternal power supply gen-
eration circuit,

the 1nternal power supply generation circuit supplies the
clectric power to the ring oscillator through the wiring
connecting between the internal power supply genera-
tion circuit and the capacitor connection terminal, and

the internal power supply generation circuit supplies the
clectric power to the internal circuit through the wiring
connecting to the capacitor connection terminal.

2. The device according to claim 1, wherein

the clock signal output circuit, the iternal circuit and the
internal power supply generation circuit are integrated
in a semiconductor substrate.

3. The device according to claim 1, further comprising

an internal capacitor for reducing a noise, wherein

the wiring includes a wire lead frame,

the wiring has a wiring impedance,

the wire lead frame has another impedance,

the mternal capacitor has a capacitance,

the external noise reduction capacitor has another capaci-
tance, and

the wiring impedance of the wire, the other impedance of
the wire lead frame, the capacitance of the internal
capacitor and the other capacitance of the external
noise reduction capacitor provide a filter for filtering
the noise.

4. The device according to claim 3, wherein

the wiring impedance of the wire includes a resistance
component, and

the impedance of the wire lead frame includes an 1induc-
tance component.

5. The device according to claim 1, wherein

the 1nternal power supply generation circuit supplies the
clectric power to all parts composing the clock signal
output circuit through the wiring connecting between
the internal power supply generation circuit and the
capacitor connection terminal.

6. The device according to claim 3, wherein

the clock signal output circuit further includes a first
power supply terminal and a second power supply
terminal,

the first power supply terminal 1s capable of supplying the
clectric power to the ring oscillator,

the second power supply terminal 1s capable of supplying
the electric power to all parts of the clock signal output
circuit except for the ring oscillator, and

the first and the second power supply terminals are
connected directly to the iternal power supply gen-
eration circuit.

7. The device according to claim 6, wherein

the first and the second power supply terminals are
independent each other.

8. The device according to claim 1, further comprising

an internal capacitor for reducing a noise, wherein

the internal capacitor has a capacitance, which 1s lower
than a capacitance of the external noise reduction
capacitor, and

the internal circuit includes a power supply terminal
connecting to the internal capacitor.
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9. The device according to claim 1, further comprising
an external power supply terminal for connecting to the
external circuit, wherein
the 1internal circuit includes a power supply terminal only
connecting to the external power supply terminal so
that the internal circuit 1s energized through a connec-
tion between the capacitor connection terminal and the
external power supply terminal, the connection being
disposed outside of the device.
10. The device according to claim 1, wherein
the mternal power supply generation circuit includes an
output terminal for supplying the electric power, and
the output terminal of the internal power supply genera-
tion circuit 1s disposed near a power supply terminal of
the clock signal output circuit.
11. The device according to claim 10, wherein
the output terminal of the internal power supply genera-
tion circuit and the power supply terminal of the clock
signal output circuit are connected at a connection
portion, and
the wiring connecting between the capacitor connection
terminal and the connection portion has a large wiring
impedance.
12. Integrated circuit device comprising:
a clock signal output circuit including a ring oscillator,
wherein the ring oscillator includes a plurality of delay
gates, which 1s connected each other annularly and
generates a clock signal with a frequency of a reference
clock signal, and wherein the clock signal output circuit
generates and outputs a multiplied clock signal
obtained by multiplying the frequency of the reference
clock signal with a digital phase locked loop method on
the basis of the clock signal;
an mternal circuit operated on the basis of the multiplied
clock signal;
a ground, wherein
the clock signal output circuit and the internal circuit
are commonly energized from a power supply,

the clock signal output circuit and the internal circuit
are commonly grounded to the ground,

the power supply supplies an electric power to the
internal circuit firstly, and

the power supply supplies the electric power to the
clock signal output circuit secondary,

a wiring;

an internal power supply generation circuit for supplying
an electric power to the clock signal output circuit and
to the 1nternal circuit on the basis of a power supplied
from an external circuit, wherein the electric power 1s
stabilized by reducing a voltage of the power from the
external circuit; and

a capacitor connection terminal for connecting an external
noise reduction capacitor to the wiring connecting to
the internal circuit, wherein
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the wiring connects among the clock signal output
circuit, the internal circuit and the internal power

supply generation circuit,

the internal power supply generation circuit supplies
the electric power to the ring oscillator through the
wiring connecting between the internal power supply
generation circuit and the capacitor connection ter-
minal, and

the internal power supply generation circuit supplies
the electric power to the internal circuit through the
wiring connecting to the capacitor connection termi-
nal.

13. The device according to claim 12, further comprising
an internal capacitor for reducing a noise, wherein

the wiring includes a wire lead frame,

the wiring has a wiring impedance,

the wire lead frame has another impedance,

the iternal capacitor has a capacitance,

the external noise reduction capacitor has another capaci-
tance, and

the wiring impedance of the wire, the other impedance of
the wire lead frame, the capacitance of the internal
capacitor and the other capacitance of the external
noise reduction capacitor provide a filter for filtering
the noise.

14. The device according to claim 12, wherein

the 1nternal power supply generation circuit supplies the

clectric power to all parts composing the clock signal
output circuit through the wiring connecting between

the internal power supply generation circuit and the
capacitor connection terminal.

15. The device according to claim 12, further comprising
an internal capacitor for reducing a noise, wherein

the internal capacitor has a capacitance, which 1s lower
than a capacitance of the external noise reduction
capacitor, and

the internal circuit includes a power supply terminal
connecting to the internal capacitor.

16. The device according to claim 12, further comprising

an external power supply terminal for connecting to the
external circuit, wherein

the internal circuit includes a power supply terminal only
connecting to the external power supply terminal so
that the internal circuit 1s energized through a connec-
tion between the capacitor connection terminal and the
external power supply terminal, the connection being
disposed outside of the device.
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